The sex ratio of Bracon hebetor Say at 25°C and 50-60% RH with Angasta kuehniella (Zeller) as host, was found to be 39% 'i'. Numerous females produced male progeny only, when they grew old. This phenomenon is probably due to internal factors. Cannibalism and mortality due to superparasitism favor male survival. The sex ratio rose significantly when females were allowed to feed only on hosts within their webbings, and when mating and oviposition were delayed for a week or more.
1 Part of the data contained herein was submitted in an M.Sc. thesis to The Department of Zoology at Tel-Aviv University. Received for publicalion 14 July 1972 14 July . 1960 ). In Israel it has been found in grain and flour processing areas and also as a parasite of several lepidopteran pests of cotton. However, it is not a successful biological control agent on cotton pests (Gerling 1971) .
In the present work we studied some of the environmental factors that contribute to the sex ratio of each female's progeny, and the influence of host density, host webbings, feeding of the parasite female on honey, and delayed mating on the ex ratio.
Materials and Methods

B. hebetor was first reared on Spodoptera littoralis
Boisduval for 3 months, and thereafter on Anagasta kuehniella (Zeller) . Parasites reared from each host were sent for identification to Dr. P. Marsh (Parasite Identification Laboratory, USDA). All were identified as B. hebetor. The parasites were reared at 25°C and 50-60% RH. The hosts were reared in sieved, sterilized (600C for 24 hr) flour, within transparent plastic containers lOX lOX 10 em. Under these conditions the life cycle of the host lasted 5-7 weeks. The host larvae lived within the flour and emerged onto the wall of the container to pupate. These emerging larvae were used for parasitization, either immediately, or after being tored at 5°C, until needed.
The parasites were reared in small plastic containers with screen tops. A piece of folded filter paper was placed on the bottom of the containers and the walls were streaked with honey that contained 2 % yeast hydrolyzate. A uniform procedure of parasitizing the hosts was adopted as follows: Each parasite female was kept in a separate container and supplied with 4 host larvae at a time. They were removed every 24 or 48 hr and replaced by new ones. This series of successive ovipositions was continued as long as the females lived.
Conventional statistical tests were carried out on the data. x 2 tests of independence, "t" test for dif-
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ferences between means, and correlation or regression analysis were performed when appropriate.
Results
To determine possible variations in the p3fasites' sex ratio, it was first necessary to establish their sex ratio under the standard conditions mentioned. Fifty B. hebetor females were allowed to oviposit in successive series of hosts throughout their lifetime. Their progeny were sexed and counted. Females which produced only male progeny were rejected since they either might not have been inseminated, or might have had a malfunctioning reproductive system.
Offspring totalling 4571 were counted, of which 30% (783) were females. The average percent females for the offspring of each mother that was tested was 36±9%. Often as the mothers' age progressed, only male progeny were produced (Fig. 1 ). For the period in which both sexes occurred, 41 % were females.
Differential Mortality
Correlations between the age of the mother and number of progeny, age of mother and percent female progeny, as well as between number of progeny and percent female progeny were not significant for the pooled data from all females (r = 0.20; -0.032; -0.063 respectively). However, examination of individual mothers indicated clearly that their sex ratio changed as a function of age. To demonstrate this point, the reproductive history of 1 <;> is illustrated in Fig. 1 days, gIVIng rise to 510 adult parasites, including 302 (80.3%) males. From Day 1 to Day 15 of her life there was a significant decrease in percent females (the slope of the regression line is significantly different from zero, P <0.05). From Day 16 to 24, only male-producing eggs were laid. The female was killed and dissected on the 29th day, after 7 eggless days, and her ovaries were found depleted.
The apparent contradiction between the clear correlation of age with sex of progeny of the single female, and the lack of such correlation in the pooled population is explained by the fact that, because of differential longevities, the distinct reproductive periods in the various females cancelled one another.
The 2 distinctly different sex ratios in the progeny of a female were found generally in our cultures. This pattern may be caused by a combination of internal factors (sperm depletion, spermathecal activity, etc.) and/ or external factors (differential mortality and developmental duration). Some of the latter will be examined hereafter.
The developmental duration of the wasp was established by placing five 2-day-old females with hosts for 5 hr only. Sixty eggs were laid, of which 40 adult wasps (30 J, 10 'i') emerged, all on the lIth postovipositional day.
Comparison of Fig. 1 and 2 reveals that during the period when both sexes develop, less eggs give rise to adults than during the later period when only male-producing eggs are laid, indicating the possibility of differential mortality of the sexes. To examine this point further, a comparison was made of the percent adults developing from eggs of 2 groups of females each ovipositing over a 24-hr period. One group of 40 'i' had mixed male and female progeny, and the other group of 18 'i' gave rise to males only. The I st group deposited an average 21.8 eggs/female per day, which produced 13.8 adult progeny/female per day. The 2nd group deposited an average 20.7 eggs/female per day which produced 16.6 adult progeny/female per day. Thus the male-producing females had significantly mace successful progeny (80.6% vs. 63.2%, P = 0.001), thus strengthening the assumption that the female progeny is ubjected to higher mortality during development.
The possible role of larval cannibalism serving in the differential mortality of the sexes was examined. Observations indicated that larger larvae fed upon younger adjacent ones. Since it was not possible to determine from larval characteristics, the general order of parasite emergence in relation to oviposition was examined. Sixty sets of ovipositions, each made during 48 hr, were allowed to emerge under controlled conditions.
The total progeny (2371 parasites) emerged during 4 days with males comprising over 60% in the 1st day and 25 % in the 4th (Fig. 3) . Since developmental duration of the sexes is equal, it can be assumed that mostly male-producing eggs were laid first, and in all probability the male larvae were often larger and more successful in a cannibalistic encounter.
Male larvae are reported able to withstand harsher conditions even when they are of the same age as female larvae (Wilkes 1963) . Such harsh conditions exist under high parasite density upon the host (reaching superparasitism), and were tested by establishing 3 replicates of 8 different host/parasite densities ranging from~~oto 2 hosts per parasite. The parasites were kept with the hosts for 48 hr in each case. The resulting overall emergence and sex ratio of the progeny (Table 1) show that the percentage of females rises ignificantly (P <0.01) with the increase in host/parasite ratio.
The dependence of successful development upon parasite density was further demonstrated in the following experiment: A total of 70 eggs was laid upon 6 hosts. Three hosts were left with 15, 14, and 9 eggs on them, and the remaining 32 eggs were removed from the other 3 hosts and distributed in couples upon 16 previously paralyzed hosts. From the 1st group of 38 eggs, 22 adults emerged of which 4 (18%) were females. From the 2nd group, 30 adults emerged of which 11 (34%) were females. These results indicated a significant increase (P = 0.000 1) in the percent adult parasites which emerged from the 2nd group. The rise in the percent females was not significant (P = 0.18).
The Influence of Environmental Factors
Several workers have discussed the relationship between nutrition, ovisorption, and sex ratio. Whiting (1967) reported that females of Nasonia vitripennis (Walker) deposited very few eggs when fed honey alone, and a normal number of eggs when allowed to host feed. Ovisorption in that species is reported as being continuous throughout its lifetime under all circumstances. King (1962) puparia were available to N. vitripennis only intermittently, the percent males increased significantly. He attributed this rise to the increase in. the number of eggs undergoing resorption in the ovarioles.
In our set-up we found that starved females lived 6 days, whereas honey-fed ones lived for about one month. We tried to examine the sex ratio of females which fed on honey alone, but were unable to do so because we could not prevent them from host feeding. Consequently, a comparison was made of the progeny of females which fed solely on hosts, with standard females which were also given honey and yeast hydrolyzate. For this purpose, parasite pupa ria were separated singly into clean vials. Of the emerging adults, 15 'i' were kept with males for 2 days each, and then placed in successive oviposition series until their death. No honey was supplied. A total of 584 parasites emerged, comprising 290 (50%) females, which constituted a significant (P <0.05) rise as compared with the standard sex ratio of 39% female.
The host which we used, A. kuehniella, spends most of its larval life within flour. It emerges only shortly before pupation and spins its cocoon-webbings while attached to the walls of the container. Our work was done with the mature larvae before they spun their cocoon. However, observations indicated that parasite females were strongly attracted to the cocoon-webbing, white cloth, and similar substrates. This was considered as part of the host-finding process.
In view of the strong attraction to moth webbings, we examined their possible influence upon the number of eggs laid and upon the sex ratio. In the 1st experiment, 19 web-free larvae and 14 web-covered larvae were exposed to parasitization.
A total of 180 eggs (avg 9.5/larva) were found on the webfree hosts and 184 (avg 13.14/larva) on the webcovered hosts. The difference was not statistically significant (P >0.05), but the maximum number of eggs per larva (20) was found on several webcovered hosts and never on web-free hosts.
In the 2nd experiment, 10 'i' were allowed to oviposit upon 2 exposed and 2 unexposed hosts each. Three of the replicates did not yield progeny since the hosts died or pupated. The remaining 7 replicates showed that 147 progeny were produced, including 75 (51 %) females, when females oviposited on web-covered hosts. This percent female progeny is significantly higher (P <0.05) than the standard 39%. Wilkes (1963) found that as the length of the post-mating period in the female was extended the percent males increased. He explained this phenomenon as a possible result of use of some of the sperm by the female for metabolic purposes.
An experiment was set up to test this relationship in B. hebetor.
Seventeen females were mated and thereafter kept away from hosts for periods varying from 7 to 30 days. Then, they were subjected to the normal procedure of successive ovipositions. A total of 1190 progeny was produced, including 468 (44.6%) females. This figure was not significantly different from the normal sex ratio of 39 %. Hence, it was concluded that a delay in host supply alone does not change the percent females.
The influence of a delay in mating upon the resulting sex ratio, in addition to a delay in the initiation of the oviposition, was then tested. For this purpose, 9 'i' were mated at ca. 7 days of age and 8 'i' were mated at ca. 30 days of age. A total of 643 progeny emerged, of whi.ch 352 (53.6%) were females. This constituted a significant rise (P <0.05) in the percent females as compared with the standard of 39 %. The increase in the percent females as delay in mating was extended also was noticed between the 2 groups. The 7-day delay produced 51 % 'i' and the 30-day delay 61 % 'i' (P <0.05). These results correlate well with those of Hoelscher and Vinson (1971) , who found that the percent females in the Ichneumonid Campoletis perdis/inc/us (Viereck) was higher when they mated 33 hr after emergence than when they mated immediately after emergence.
Conclusions
Females of B. hebe/or produced only male progeny during the later part of their lives. This shift from bisexual to unisexual progeny cannot be explained by postovipositional mortality factors, since developmental duration of tbe sexes is equal or nearly so.
Differential mortality favors the males because of cannibalism and better survival of males under highdensity conditions, and probably contributes to the tandard average ex raio of 39% females. It appears that, under our conditions, the density at which differential mortality starts to intensify is between % and lh a host per parasite. At lh host! parasite there is a definite drop in the percent emerging female progeny.
The female parasite was observed searching most diligently in and around moth webbing.
Hosts in webbing which she parasitized yielded a significantly higher percent females than free hosts. Moreover, it was shown that the females do not require a carbohydrate source, such as honey, for successful reproduction.
On the contrary, the percent female progeny increases when they are left with hosts as their only food source.
If we assume that a higher percentage of females in the progeny is a measure of better adaptation of the parasite to its environment and would, therefore, lead to better ultimate success, we may conclude that B. hebetor females are best adapted to seach in places where no honey, honeydew, or nectar serve as food, and where their hosts are covered with webbing.
Such places are the grain silos, flour mills, bakeries, and other places where A. kuehniella develops.
The life cycle of this host, which emerges out of its food medium to pupate in the open while wrapped with webbing, also fits well into the picture. Contrarily, the cotton fields in which B. hebetor was collected as a parasite of numerous Lepidoptera throughout the season (Gerling 1971), does not constitute an optimal habitat for the action of this parasite, particularly when its hosts are exposed caterpillars such as Spodoptera lit/orahs or Heliothis spp.
